Aim: To study fracture rates and risk factors for fractures in patients with spinal cord injuries. Material and methods: A self-administered questionnaire was mailed to 646 members of the Danish Paraplegic Association and 1000 randomly selected normal controls. 438 patients (309 males, 129 females, 67.8%) and 654 controls (332 males, 322 females, 65.4%) returned the questionnaire. Median age in patients was 42, range 10 ± 80 years, and in controls 43, range 19 ± 93 years (2p=0.25). Results: The crude fracture rate was 2% per year in patients and 1% per year in controls (RR=2.0, P50.001). Low-energy fractures were much more prominent in patients (19.0% of all fractures) than in controls (1.4%, P50.001). The fracture rate did not dier before the injury but increased after the injury to a constant level from the third year and forward. Fractures of the lower extremities were more prominent in patients than controls (femurs: RR=23.4, P50.001, lower legs: RR=5.2, P50.001, feet/toes: RR=2.4, P=0.006) while fractures of the forearms (P50.001) and clavicles (P=0.03) were absent among patients. Fractures were more frequent in female patients (RR=1.6, P=0.008) and in male patients with a family history of fractures (RR=2.0, P=0.004). Conclusions: Low-energy fractures especially of the lower extremities are frequent in spinal cord injury patients and especially among female patients. The forearms seem protected from fractures.
Introduction
It has long been recognised that immobilisation leads to a loss of bone mineral. 1 ± 5 However, studies on fracture rates in patients with spinal cord injury (SCI) have been scarce 6 ± 10 and often in case report form. 11 ± 13 Most studies only reported cross-sectional data on the percentage of patients having sustained one or more previous fractures 6,7,9,10 ± in some cases without stating the time interval between the SCI and the actual study. 6 Furthermore, the fracture rates in patients were not compared with a control group 6, 7, 9, 10 Frisbie et al 8 only studied males and did not use a regular control group but compared fracture occurrence in patients with data from population registers.
In particular, previous studies have reported an increased occurrence of low energy fractures of the lower limbs especially of the femora 6 ± 10,14,15 in SCI patients, many of the fractures being the results of falls from wheelchairs. 16 Reports on fractures in parts of the skeleton other than the lower limbs have been scarce 15 and have not been subject to statistical testing.
The aim of the present study was to evaluate fracture rates in all parts of the skeleton in a broad age group of both male and female SCI patients and to study risk factors for fractures in SCI patients.
Materials and methods
A self-administered questionnaire was mailed to 646 members of the Danish Paraplegic Association and to 1000 control subjects randomly selected from the background population. After 6 weeks the questionnaire was reissued to non-respondents. The project was approved by the regional ethical committee (J.nr. 1997/ 3904).
The questionnaire contained questions about: (1) age in years; (2) gender (male/female); (3) smoking habits (current smoker/previous smoker/never-smoker); (4) use of corticosteroids (ever-use/never use, and in case of ever use age at ®rst treatment and total treatment duration in years); (5) occurrence of fractures in parents or siblings (yes/no/do not know); (6) diagnosis of`osteoporosis' in parents or siblings (yes/no/do not know); (7) previously diagnosed `osteoporosis' in the participant ± yes/no/do not know); (8) previous fractures (yes/no). In case of fractures the participant was asked to state which bone(s) had fractured, what had caused the fracture (eg fall, automobile accident etc.), whether or not he or she had been operated upon for the fracture, whether or not he or she had been treated with plaster of Paris, and ®nally whether the fracture had been treated on an inpatient or outpatient basis.
Female participants were asked whether they were pre-or postmenopausal and if they were postmenopausal at approximately what age the menopause had begun and whether or not they had used oestrogen compounds after the menopause. In case of use they were asked at what age use had started and for how many years they had used oestrogens. Furthermore, female participants were asked, if they had ever used oral contraceptives (OCs). In case of use they were asked at what age they ®rst used OCs and the total duration of use in years. Male participants were asked whether they had previously used male sex steroids.
SCI patients were asked to state at which age the SCI was sustained or if the SCI was congenital, the level of injury (cervical, thoracic or lumbar based upon the highest aected motor region), the function level (total or partial paralysis of limbs below the injury), their best level of function (walks without crutches or other support, walks using crutches or other support, uses an electric-powered wheel-chair, uses a manual wheel-chair or unable to use any of the earlier mentioned), their level of out-door activities (outdoor activities every day, one or more times per week, less than once per week or never undertaking outdoor activities), present use of standing device or not, whether or not they worked (and if yes state the number of hours per week), whether or not they were involved in sports activities (and if yes to state the number of hours per week) and whether they were afraid of sustaining fractures (yes/no/do not know).
The energy at which the fracture had emerged was subdivided into: (1) low-energy fractures (also called fragility fractures, i.e. fractures occurring after minor or no trauma); (2) medium-energy fractures (ie fractures occurring after falls at the same level, dropping medium weight objects onto/squeezing ®ngers or toes etc.); and (3) high-energy trauma (ie fractures occurring after falls from one level to another, car accidents etc.).
The location of the fractures was subdivided as follows: (1) If more than one fracture occurred at the same time the largest bone that fractured was counted as the fractured bone. Incidence rates were calculated for fracture episodes (ie multiple fractures at the same time counted as one fracture episode). Fractures occurring at the same time as the spinal cord injury were not included in the analysis.
Incidence rates were compared by relative risks and statistical comparisons were made using Mantel ± Haenszel type w 2 statistics. Numbers were compared by w 2 for contingency tables, Fisher's exact test or Mann ± Whitney statistics when appropriate. Mantel ± Haenszel statistics were used to compare fracture occurrence in groups. A Cox proportional hazard regression analysis with gender and age at SCI as independent variables was performed to test the eect of age at SCI on the time until ®rst fracture episode.
Results
A total of 438 SCI patients (67.8%) and 654 normal controls (65.4%, P=0.34) returned the questionnaire. Among the SCI patients there were 129 females and 309 males and among the normal control there were 322 females and 332 males. Tables 1 and 2 shows the distribution of baseline characteristics among patients and controls. The male controls were somewhat older than the female respondents (median 46 years, range 20 ± 93 years vs 40 years, range 19 ± 91, 2P50.001) and the male SCI patients (median 43 years, range 17 ± 80 years, 2P=0.004) ± data not shown. The higher frequency of corticosteroid use among SCI patients (Table 1 ) was related to administration to patients suering traumatic lesions immediately after the injury. Male SCI patients had a borderline signi®cantly higher frequency of osteoporosis among parents or siblings than normal males (13 vs 6 in normal controls, P=0.04). Otherwise there were no gender dierences. Only three males among both SCI patients and normal controls ever reported use of male sex hormones (2p=1.00). Among the SCI patients congenital SCI tended to be more frequent in females (2p=0.04) while males used more time at work and on sports activities (Table 2) . Female patients tended to be more afraid of fractures (Table 2) .
After the SCI a total of 126 fractures were observed during 6376 years of observation time. Before the SCI 110 fractures were observed during 11 409 years of observation time. The cumulated incidence proportion with fractures was 21.1% (95% CI: 17.3 ± 25.3). The normal controls sustained 287 fractures during 28 585 years of observation time. In SCI the overall fracture rate (2%/yr) was higher than in the normal population (1%/yr, RR=2.0, P50.001). The fracture rate was equal to the normal controls before the SCI occurred, but increased to remain stable from the 3rd year and onward after the SCI (Figure 1) . Table 3 shows that low-energy fractures dominated among SCI patients while high-energy fractures were rare. There was no dierence between male and female SCI patients in the distribution of fracture energies (P=0.19). Table 4 shows that fractures of the femora, lower legs and the feet were highly increased among patients compared to controls, while fractures of the forearms and clavicles were absent among patients. Table 5 shows the impact of risk factors on fracture rates in the two genders. Females had more fractures than males (RR=1.6, P=0.008). However, no single fracture type was more frequent in female than in male SCI patients. None of the risk factors showed a uniform link to any of the genders. Male patients with a family history of fracture had more fractures than without such a history (RR=2.0, P=0.004) and also male patients with lumbar lesions had more fractures than males with cervical lesions (RR=2.4, P50.001). Female patients undertaking daily outdoor activities had fewer fractures than females being less outdoors (RR=0.4, P0.005) and female patients using wheelchairs had fewer fractures than female patients who could walk as best performance (RR=0.4, P=0.003).
In a Cox analysis there was no eect of age at SCI upon time until ®rst fracture episode (RR=1.0, P=0.22) while fractures were more frequent in women (RR=1.6, P=0.048).
Discussion
In the present study we have shown that fractures were frequent events in spinal cord injury patients, especially as low-energy fractures of the lower extremities. Fractures of the forearms were rare [probably due to a combination of two factors: patients using manual wheelchairs are protected from bone loss in the forearms and patients with tetraplegia are unable to use their forearms to prevent falls and the traumas which thus aects other parts of the body]. Furthermore the overall frequency of classical fall-related fractures may be lower in SCI patients. The absence of clavicle fractures may likewise be explained as a consequence of the low number of high energy traumas in SCI patients ± clavicle fractures often resulting from bicycle or motor vehicle accidents.
No speci®c factor was consistently associated with fracture risk in both genders. This suggests that the fracture risk was the consequence of bone biomechanical competence loss to such an extent that no other factor by itself could modulate the fracture risk. Therefore no consistent dierences were seen with level of outdoor activities, best functional level (wheelchair or walking), involvement in sports activities or being in work or not. Consequently it seems that measures to prevent e.g. falls have to be aimed broadly as no speci®c daily life factor is particularly involved in fracture genesis. Furthermore, it may be more eective to prevent bone loss by antiresorptive medical treatment.
The borderline signi®cantly lower fracture rate in patients using standing devices is not readily explainable. These patients tend to have higher bone mineral density and thus a higher bone biomechanical competence than patients not performing standing. 17 On the other hand the patients who do not use standing devices are often more handicapped and are thus less prone to trauma. The observed borderline Mann-Whitney test (2p), c Fisher's exact test (2p). Due to missing value sums may not add to 438. *: among those who did work or was involved in sports activities signi®cant dierence may be due to the uncertainties stemming from the relatively low number currently using standing devices.
The higher fracture frequency in females needs further investigation. However, it is likely that the higher rate is related to the higher frequency of osteoporosis in women in general. 18 The association between a family history of fractures and subsequent fractures in the subject has also been observed in other studies. 19 The fact that it is only observed in the males may be related to social inheritance of behavioural patterns (eg. a larger proneness to trauma); but may also be related to the fact that fracture rates are so high in SCI patients due to the loss of bone biomechanical competence that other risk factors are masked. This could perhaps also explain the absence of an age eect upon time until ®rst fracture episode.
The rate of fractures was close to that observed in the study by Frisbie.
8 After a mean of 21 years of observation time we would expect 1 -(1 ± 0.0175) 21 10 reported 4% with fractures, rates being a little higher in females than males (5.4 vs 3.5%). In the data by Ragnarsson and Sell 10 the mean time from injury to fracture was 9 years but no mean observation time was speci®ed. Ragnarsson and Sell 10 also found 1.45% fractures in 3027 patients drawn from the National Spinal Cord Injury Data Research Centre over a 5 year period.
The fact that overall fracture rate before the SCI was not dierent from the general population is interesting as it could indicate that SCI patients in general are not more prone to fracture producing traumas.
The fact that the frequency of fractures for the ®rst year after the SCI did not dier from the controls could be related to the lower level of activity in the ®rst period of time after the injury. Furthermore, the loss of bone mineral has not yet reached its maximum within the ®rst year from the injury. 1 Biering-Sùrensen et al 1 demonstrated that BMC in the lower extremities decreased after SCI and a new steady state for BMC was reached after 2 years at 40 ± 50% for proximal tibia and at 60 ± 70% for the femoral neck. This is in accordance with our observation that the fracture risk remained signi®cantly increased from the third year after SCI and forwards. However, Biering-Sùrensen et al 1 also found that BMC of the femoral shaft continued to decrease during the observation period which could explain the observation 8 that femoral fracture risk continued to increase with age and thus also probably with increasing time from the SCI. Furthermore, Biering-Sùrensen et al 1 observed that BMC of the forearms and lumbar spine remained stable during the observation period in accordance with our ®nding that vertebral fracture rates did not deviate from those observed in the general population and that forearm fractures were absent in the SCI patients. The sex distribution in our study (71% males) did not deviate signi®cantly from that reported by Biering-Sùrensen et al 20 for Denmark in the period 1974 ± 1984 for all SCI patients (73% males, P=0.45) and neither did the distribution of levels of SCI (in our study: cervical: 46%, throacic: 32% and lumbar: 21% vs: 51/28/21% in traumatic SCI in Denmark, P=0.45). Our study group thus seems to be representative of Danish SCI patients despite the fact that the questionnaire was mailed to members of a patient association.
Conclusion: fracture rates are signi®cantly increased in SCI patients especially leading to low-energy fractures of the lower extremities and increases from the time of the injury to a stable level from the third year onwards. It also seems that the forearms are protected from fractures and that no speci®c factor except for female gender is consistently associated with an increased fracture risk.
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